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STABILITY AND CONTROL CHARACTERISTICS OF A

FLAT-BOTTOM LIFTING REENTRY CONFIGURATION

AT A MACH NUMBER OF 1.61*

By H. Norman Silvers and Jerry L. Lowery

Langley Research Center

SUMMARY

An investigation has been made in the Langley 4- by 4-foot supersonic

pressure tunnel to determine the longitudinal and lateral stability and con-

trol characteristics of a flat-bottom reentry configuration at a Mach number

of 1.61. The results of the investigation indicated that the vehicle had what

were considered inadequate longitudinal handling qualities due to the limited

up-elevator control available for maneuvers above the trim angle of attack,

coupled with low effectiveness of the upper-surface control flap, and the

pitch-up shown by the configuration at high angle of attack. A significant

part of the available up-elevator was required to trim the vehicle within the

operational range of angle of attack (16 ° to 26°). The maximum lift-drag ratio

was about 1.4 and did not vary appreciably from 16° to the highest test angle

(26.2°).

The configuration was directionally unstable in the operational angle-of-

attack range but had relatively high effective dihedral. Deflection of the

rudders at opposite angles (toeing) with trailing edge outward was an effective

way to increase the directional stability with little change in the effective
dihedral.

INTRODUCTION

Configurations having moderately high lift-drag ratios (on the order of

1.5) are of considerable interest for future space vehicles due in part to their

terminal range adjustment ability. To realize the advantages of terminal range

adjustment demands acceptable aerodynamic stability and controllability of the

vehicle. The present investigation was made to determine these characteristics

at a Mach number of 1.61 over an angle-of-attack range from about -4 ° to about

26 ° . The configuration tested was a version of a basic form known as the SV-5,

which is typical in many respects of a large number of reentry configurations

having moderate lift-drag ratios presently being studied.

*Title, Unclassified.
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SYMBOLS

The results are presented as force and moment coefficients wlth lift, drag,

and pitching moment referred to the stability axis system and rolling moment,

yawing moment, and side force referred to the body axis system. The reference

center of moments was at a location of 54.6 percent body length aft of the nose,

and at 40 percent of the maximum height above the body reference line.

The values of reference span and area used to obtain coefficients are the

values for the present configuration without tlp-mounted fins. The reference

length is somewhat less than the true length with true length being shown in

parentheses in the following definitions:

b body reference span, 0.460 ft

body reference length, 1.058 (1.106) ft

CD drag coefficient, Drag
qS

C L lift coefficient, Lift
qS

C_ rolling-moment coefficient, Rolling moment
qSb

Cm pitching-moment coefficient,
Pitching moment

qs_

Cn yawing-moment coefficient, Yawing moment
qSb

Cy slde-force coefficient_ Side force
qS

D drag

L lift

T,/D lift-drag ratio, C--_L
CD

q free-stream dynamic pressure, ib/sq ft

projected reference planform area, 0.343 sq ft

angle of attack referred to body reference line, deg

angle of sideslip referred to plane of symmetry, deg
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Cn_

cz_

Cy_

8e

8C n

directional-stability parameter, 8_

8c z
effective-dihedral parameter_

8P

8Cy
side-force parameter_

8P

resultant angle of longitudinal control flap, ii.Sright + 81eft 1
2 /upper

bright 51eftl , positive deflection is trailing edge

+

and 2 /lower

down, deg

ba resultant angle of roll-control flap, (bright - 51eft)upper and

bright - 51eft)lower _ positive deflection generates negative

rolling moment, deg

5r deflection of rudder control, positive when trailing edge is deflected

left_ deg

left_ right denote control flap lateral location with respect to plane of

symmetry when viewed from rear

upper_ lower denote control flap vertical location when viewed from rear

Model component notation:

B body

C canopy

F tip-mounted vertical fins

Fc vertical fin mounted in plane of symmetry

Fv ventral fins mounted below tip fins

MODEL AND APPARATUS

A photograph of the model is shown in figure i. Details of the model and

configuration identification are presented in figure 2.
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The model has a leading-edge sweep angle of 77° with large radii nose and

leadlng-edge contour. The cross section has a semielliptic top and a nearly

flat lower surface. Vertical stabilizing surfaces were attached to the out-

board tips of the body with full fairings between the body and tip fins.

Vertical stabilizing surfaces consisted of two fins located at the tips

of the body planform and having 16° of roll orientation from the vertical; a

center fin on the plane of symmetry having a planform identical to the pro-

Jected side planform of the tip fins; and ventral fins located below the tip

fins with a chord plane parallel to the plane of symmetry.

The model was equipped with flap controls for longitudinal and directional

control. The longitudinal control flaps or elevators were located in pairs at

the trailing edge of both the upper and lower surface (fig. 2). Roll control

was investigated by differential positioning of the longitudinal control flaps.

The directional control flaps or rudders were also investigated as a pair and

were located at the trailing edge of the tip fins.

TEST CONDITIONS

The test conditions are summarized in the following table:

Mach number ......................... 1.61

Stagnation temperature, OF ................. i00

Stagnation pressure, Ib/sq ft abs .............. 1,510

Reynolds number based on reference length of body .... 3.17 × 106

The stagnation dewpoint was maintained sufficiently low (-25 ° F or lower)

so that no condensation effects were encountered in the test section. The

angle of attack was corrected for deflection of the balance and sting under
load. The Mach number variation in the test section was approximately -+0.01

and the flow-angle variation in the vertical and horizontal planes did not
exceed about _+O.i°. The axial force was not adjusted to a base pressure equal

to free-stream static pressure.

Force measurements were made through the use of a six-component internal

strain-gage balance. The model was mounted in the tunnel on a remotely con-

trollable rotary-type sting. The angle-of-attack range of the test extended

from about -4 ° to about 26 °. Angles of sideslip of 0 °, 2.5°_ and 5° were used

to obtain the lateral stability results through the angle-of-attack range.

Determination of the lateral stability parameters was made from these runs

subsequent to the reduction of data and the resulting values are presented

herein.

The estimated maximum variations in the individual measured quantities are

as follows:
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CL • " • • " " " • " • " • " ' " " ' " " ° " " • " " • " " "

CD " • " " " • • " • • • " " • • " " " " " " • ° " • • " • "

Cm • • • • • " " • • • • • " " • • • " • • " • • • • • • • •

Cn • • . • • • • • • • . . • . • • l • . • • • • • • • • • •

C_ .............................

Cy , • • • • • • • • • • • • • • • • • • • • • • • • • • • •

+0.01

-+0.001

-+0.O04

_+0.001

-+0.001

-+0.OO2

RESULTS AND DISCUSSION

Longitudinal Characteristics

The longitudinal characteristics of the basic configuration BCFFc resulting

from deflection of the upper-surface control as an elevator are shown in fig-

ure 3. The results show that with the existing stability level, 30o to 35 ° of

deflection is required for trim over the expected operational angle-of-attack

range (16 ° to 26o). The pitching moment due to the remaining 5° to lO ° of up-

elevator does not appear adequate to provide nose-up attitude adjustments

required by vehicle range or maneuver considerations or longitudinal retrim

where differential flap deflections are necessary for roll control• This con-

dition may be alleviated by cambering the body to introduce positive pitching

moment at zero lift. The results also indicate that the configuration has an

unstable break in the pitching-moment curve and becomes seriously unstable at

the higher angle of attack• Such instability, referred to as pitch-up, causes

dual trim angles of attack to occur• Pitch-up, coupled with low stability at

low angles of attack and low control effectiveness of the upper-surface flaps

at all angles of attack, results in a configuration considered to have unsafe

handling qualities.

The results (fig. 4) show good lower flap effectiveness at low angles of

attack and increases in effectiveness as angle of attack increases• Deflection

of the lower-surface control is of interest when nose-down excursions in atti-

tude from trim at high angles of attack are required and particularly when

return to high angle trim is anticipated. In this mode of operation, the lower

flaps would act as a vernier control while the upper flaps remain in the near-

fully-deflected condition required for high angle trim.

The maximum lift-drag ratio of the configuration with 5e = 0° is about

1.4 and does not vary appreciably within the angle-of-attack range from 16° to

the maximum test angle (26.2o). At the lower angles of attack, deflection of

the upper controls reduces the lift-drag ratio and deflection of the lower con-

trols increases the llft-drag ratio. In the higher angle-of-attack range, there

is no appreciable effect of control deflection on the lift-drag ratio•

The effects of various components of the model on the longitudinal aero-

dynamic characteristics are shown in figure 9. The results were obtained with

an up-deflection of the upper-surface control of 30o which best represented

trim throughout the angle-of-attack range of interest. Although the tip-

mounted ventral fins Fv have a beneficial stabilizing effect at the higher

""_'_C_/5_t__ 5



angles of attack_ they cannot be considered a permanent componentof the config-
utah-ion because of thermal considerations at hypersonic velocities. The results
further indicate that the tip or main vertical stabilizing surfaces F are
longitudinally stabilizing but aggravate the pitch-up condition at the higher
angles of attack.

Lateral Characteristics

Roll control is obtained by differential deflection of the sametrailing-
edge flaps that are used for longitudinal control. The longitudinal effects of
differential flap deflection (fig. 6) show that interference does not have a
large effect on the longitudinal trim characteristics in that the average of
two differential deflection angles has approximately the samestability and
trim characteristics as the equally deflected flaps. Although roll effective-
ness appears adequate (fig. 7)_ the problem indicated by the longitudinal char-
acteristics in combination with the roll characteristics is one of longitudinal
trim. Whenroll is obtained by either deflecting a single lower flap downward
or reducing the up-deflection of an upper flap_ a nose-downpitching moment
will result that cannot be controlled by the available upper-surface controls.

The lateral stability results (fig. 8) show that the basic configuration
is directionally unstable at high angles of attack. However, the configuration
does have high effective dihedral which compensatesin a measure for the direc-
tional instability. The addition of ventral fins makes the configuration
directionally stable and reduces the effective dihedral. As previously noted,
however, ventral fins cannot be considered a permanent componentof the config-
uration. The results also show (fig. 8) that the canopy produces a decrement
in directional stability throughout the angle-of-attack range. The effect of
the center vertical fin is stabilizing as expected at the lowest angles of
attack but destabilizing at the higher angles of attack. The high angle-of-
attack instability is probably due to a vortex caused by detached flow on the
upper surface of the model.

The use of opposite deflection of twin rudders_ referred to as toed rud-
ders, is an effective meansof improving directional stability at supersonic
and hypersonic speeds. The effect of toed rudders on the lateral stability
parameters is presented in figure 9. The results showthe increase in direc-
tional stability expected. Approximately lO° of rudder toeing is required to
achieve neutral directional stability at high angles of attack. Toe angles up
to 20° showan increasing beneficial effect. Additional rudder toe beyond 20°
does not significantly increase the directional stability. Rudder toe does not
change the effective dihedral of the configuration.

It is to be noted (fig. 10) that toeing the rudders introduces a negative
pltching-moment increment which has previously been pointed out as a serious
problem with limited available up-control for longitudinal trim.

The rudder control effectiveness (fig. ii) is high with about 5o of rudder
deflection being required to trim the unstable yawing momentof the configura-
tion BCFFc at l0 ° of sideslip. (See fig. 8.) On the other hand_ the roll due
to rudder deflection is also high. The utilization of differential elevator
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deflection for roll control compensation would, of course, indirectly lead to

additional constraints on high angle-of-attack longitudinal trim.

CONCLUSIONS

An investigation has been made in the Langley 4- by 4-foot supersonic pres-

sure tunnel of the longitudinal and lateral stability and control character-

istics of a flat-bottom lifting reentry configuration at a Mach number of 1.61.

The results of the investigation indicate the following conclusions:

i. The configuration was not considered to have adequate longitudinal

handling qualities due to pitch-up within the operational angle-of-attack range

and low effectiveness of the upper-surface control flap.

2. A significant part (30 ° to 35°) of the 40° available up-elevator was

required to trim the vehicle within the operational range of angle of attack

(16 ° to 260).

3. The maximum lift-drag ratio was about 1.4 with undeflected elevators

and did not vary appreciably from 16° to the highest test angle of attack

(26.2°).

4. Roll-control effectiveness appeared adequate, but if a rolling moment

is to be obtained, a reduction in effective up-elevator deflection is required

so that the longitudinal trim capability at high angles of attack is further

limited.

_. The configuration was directionally unstable at high angles of attack

but had comparatively high effective dihedral which may result in a configura-

tion with adequate lateral stability characteristics.

6. The use of opposite rudder deflection on each tip control, referred to

as toed rudders, was an effective means of increasing the directional stability

with lO ° of deflection eliminating the directional instability at high angles

of attack.

7. The effectiveness of the rudders was high and contributes a large amount

of rolling moment when deflected.

Langley Research Center,

National Aeronautics and Space Administration,

Langley Station, Hampton, Va., January 7, 1964.
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Figure 3.- Aerodynamic characteristics in pitch of the model with various deflections of the

upper surface pitch control} configuration BCFF c.
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Figure 6.- Concluded.
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